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Heterozygous Mutations in Natriuretic Peptide Receptor-B (NPR2) Gene as a Cause of Short 






































































Table 4.1: Summary of recent studies searching for heterozygous NPR2 mutations in cohorts with ISS 
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To characterize the variants as likely nonpathogenic, variants of unknown significance, 
and likely pathogenic, we considered both the functional results and the pattern of segregation 
in the families, where available. For the six missense variants identified in the first short stature 
patient cohort, three of them segregate with short stature (Patient 2-4). For the variants in 
Patient 2-4, we observed decreased functional activity in at least one of the assays, strongly 
suggesting that these are pathogenic variants. The variant from patient 4 also showed decreased 
expression by Western blot. For the variant in Patient 5, the segregation is unknown and the 
functional data are negative. The variant in Patient 7, a known rare population variant, also had 
unchanged functional activity. We conclude that these two variants are unlikely to be 
pathogenic. The variant in Patient 6, which showed a slight increase in activity in the whole cell 
lysate assay and decreased activity in the enzyme based assay, was characterized as variant of 
unknown significance. Interestingly, three of the pathogenic variants were found amongst the 
22 cases of familial ISS thus providing a diagnostic yield of 13.6%. However, only a single 
pathogenic variant, the de novo variant, was found amongst the 77 cases of non-familial ISS 
leading to a much lower diagnostic yield of 1.3%. 
One of three missense variants in the second clinical short stature cohort (rs114115939: 
c.1517G>A (p.R506H)) decreased NPR-B activity likely secondary to decreased expression of 
the mutated receptor as seen on Western blot. Two out of three missense variants in the 
Estonian short extremes decreased NPR-B activity (c.2449G>A (p.E817K) and c.1982C>A 
(p.T661K)). Interestingly, one of two missense variants identified in FINRISK tall extremes 
showed increased NPR-B activity in both assays (c.1685G>A (p.R562Q)), strongly suggesting 
WKLVLVDJDLQRIIXQFWLRQYDULDQWFRQWULEXWLQJWRWKHLQGLYLGXDOV¶WDOOVWDWXUH7KHVHFRQGYDULDQW
which showed increased NPR-B activity only in the whole cell lysate assay, was also observed 
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7DEOH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YDULDEOHJURZWKLPSDLUPHQWZLWKRXWDGLVWLQFWVNHOHWDOSKHQRW\SH,QRXUVWXGLHVWKHVHYHULW\RI
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WKHVHORVVRIIXQFWLRQDOOHOHVOLNHO\KDYHUHODWLYHO\ODUJHHIIHFWVL]HVORVVRIIXQFWLRQDOOHOHV
ZHUHSUHYLRXVO\HVWLPDWHGWRUHGXFHKHLJKWE\a6'6$VVXPLQJDQHIIHFWVL]HRI
6'6DQGDFXPXODWLYHSRSXODWLRQDOOHOHIUHTXHQF\RIWKHVHPD[LPXPOLNHOLKRRG
HVWLPDWHVSUHGLFWWKDWaRILQGLYLGXDOVZLWKKHLJKWEHORZ6'6ZRXOGKDYHDORVVRI
IXQFWLRQ135YDULDQWDQGWKDWaRILQGLYLGXDOVZLWKKHLJKWEHORZWKHVWSHUFHQWLOHZRXOG
FDUU\VXFKDYDULDQW7KHVHHVWLPDWHVDUHVRPHZKDWKLJKHUWKDQRXUHPSLULFDOILQGLQJVLQWKH
WZRFOLQLFDOVKRUWVWDWXUHFRKRUWVFRPELQHGDQGDOVRVXEVWDQWLDOO\KLJKHUWKDQRXU
HVWLPDWHVIURPWKH)LQQLVKDQG(VWRQLDFRKRUWVRILQGLYLGXDOVEHORZWKHaVWSHUFHQWLOH
VXJJHVWLQJWKDWWKHHIIHFWVL]HRUWKHSRSXODWLRQDOOHOHIUHTXHQFLHVSUHYLRXVO\HVWLPDWHGIRUORVV
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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VHOHFWLRQFULWHULDLQHDUOLHUVWXGLHVWKDWPDGHLWPRUHOLNHO\WRDVFHUWDLQLQGLYLGXDOVFDUU\LQJ
135ORVVRIIXQFWLRQPXWDWLRQVVXFKDVKLJKUDWHVRIIDPLOLDOVKRUWVWDWXUH,QWHUHVWLQJO\ZH
DOVRLGHQWLILHGRQHJDLQRIIXQFWLRQ135YDULDQWLQWDOOH[WUHPHVRI),15,6.KHLJKW
GLVWULEXWLRQVXJJHVWLQJ135JDLQRIIXQFWLRQPD\EHDPRUHFRPPRQFDXVHRIWDOOVWDWXUH
WKDQSUHYLRXVO\UHFRJQL]HG 
$0'0SDWLHQWVKDYHEHHQSRVLWHGWRKDYHDQDEQRUPDOLW\LQWKH*+,*)V\VWHP
FKDUDFWHUL]HGE\ORZLQVXOLQOLNHJURZWKIDFWRU,*)20,0OHYHOVKLJKJURZWK
KRUPRQH*+OHYHOVDQGODFNRIDUHVSRQVHWR*+WUHDWPHQW+RZHYHU,*)OHYHOVZHUH
QRWORZLQHLWKHUWKHFDUULHUVRI$0'0PXWDWLRQVRULQWKHVXEMHFWVLQRXUFRKRUW
ZLWKORVVRIIXQFWLRQPXWDWLRQVIRUZKRPGDWDZHUHDYDLODEOH/DUJHUSURVSHFWLYHVWXGLHVDUH
QHHGHGWRGHWHUPLQHZKHWKHUKHWHUR]\JRXVFDUULHUVRIFOHDUO\SDWKRJHQLF135YDULDQWVZLOO
UHVSRQGWRJURZWKKRUPRQH5HJDUGOHVV135ORVVRIIXQFWLRQYDULDQWVOLNHO\DFFRXQWIRU
DSSUR[LPDWHO\RIDOOSDWLHQWVZLWKVKRUWVWDWXUHKHLJKW6'6DQGVKRXOGEH
FRQVLGHUHGLQWKHGLDJQRVWLFHYDOXDWLRQRISDWLHQWVSUHVHQWLQJZLWK,66,QWHUHVWLQJO\ZH
LGHQWLILHG135ORVVRIIXQFWLRQYDULDQWVLQRIIDPLOLDOFDVHVVXJJHVWLQJWKDWVXFK
YDULDQWVZLOOSURYLGHDIUHTXHQWH[SODQDWLRQIRUSDWLHQWVZLWKIDPLOLDO,66 
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